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N A T I P N A L  ADVI SORY COMMITTEE FOR AERONAUTICS 
ADVANCE q I - &  REPQRT 
A F L I G H T  I N V E S T I G A T I O N  OF NACA AILERON MODIFICATIONS FOR THE 
I M P R O V E U E 8 T  OF T H E  LATERAL CONTROL C H A R A C T E R I S T I C S  
OF A H I G H - S P E E D  FIGITTER AIRPLANE 
By Walter C .  W.lliams 
A f l i g h t  inves t iga t ion  was made t o  improve the l a t e r a l  
cont ro l  o f  a high-speed f i g h t e r  a i rp lane .  Tests  were made 
of the  a i rp lane  w i t h  the  o r i g i n a l  a i l e r o n  i n s t a l l a t i o n  and 
w i t h  a s e t  of modified a i l e r o n s  developed by the NACA. 
T h i s  rnod-if Zcation consfsted of  an increased balance chord 
and increased nose r ad ius .  I n  order t o  determine the bes t  
a i l e r o n  performance w i t h  t he  NACA modified a i l e ron ,  t e s t s  
were made w i t h  various a i le ron- def lec t ion  ranges and 
r iggings  w i t h  t h e  or ig i r ia l  contra1 assembly and w i t h  an  
experimental d i f f e r e n t i a l  cont ro l  u n i t  developed by the  
manufacturer. The t e s t  program included the speed- range 
f rom 150 t o  400 miles  per hour. 
The NACA modified a i l e rons  with e i t h e r  of two 
mechanical advantages were found t o  improve the a i l e r o n  
perf orrnance over that  obtained. w i t h  the  o r i g i n a l  a i l e rons .  
The modified a i l e r o m  with a de f l ec t ion  range of f l 5 O  and 
the  d i f f e r e n t i a l  con t ro l  u n i t  appreciably increased the  
a i l e r o n  ef fec t iveness  obtainable a t  l e v e l - f l i g h t  speeds 
w i t h  a 50-pound s t i c k  fo rce ,  but showed a s l i g h t  decrease 
i n  the e f fec t iveness  obtainable a t  a speed o f  4.00 miles  
per hour w i t h  a 50-pound s t i c k  force .  On t h e  other  hand, 
t h e  modified a i l e r o n s  with a d e f l e c t i o n  range of f13.4° 
and the  modiffed d i f f e r e n t i a l  con t ro l  u n i t  gave only a 
s l i g h t  increase i n  the e f fec t iveness  obtainable  a t  l eve l-  
f l i g h t  speeds, but  gave an appreciable increase i n  the 
a i l e r o n  ef fec t iveness  obtained a t  a speed of  LcOO miles  
per hour w i t h  a 50-pound s t i c k  fo rce .  Indica t ions  were 
t h a t  the  a f l e r o n  s t ruc tu re  would need t o  be strengthened, 
however, before the  l a t t e r  arrangement could be s a f e l y  
used. 
. .  
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The o r i g i n a l  a i l e rons  of a high-speed f i g h t e r  a i r-  
plane gave very l i g h t  s t i c k  fo rces  a t  s m a l l  a i l e r o n  
de f l ec t ions ,  but because of separat ion about the  very 
sharp a i l e r o n  lead-ing edge, the  f o r c e s  near f u l l  def lec-  
t i o n  were very heavy. The sharp-nose balance on th is  
a i l e r o n  was also considered t o  be the  cause of a i l e r o n  
overbalance and o s c i l l a t i o h  i n  extreme high-speed dives.  
It appeareo that  a balance of increased nose rad ius  would 
elirflinate th.e separa t ion  about the  balance nose a t  high 
a i l e r o n  de f l ec t ions  and would a l s o  decrease the tendency 
of the  a i l e r o n  t o  overbalance a t  extremely high speeds. 
The NACA, therefore ,  undertook a f l i g h t  inves t iga t ion  t o  
determine t h e  cont ro l  c h a r a c t e r i s t i c s  of modified a i l e r o n s  
on the a i rp lane .  Tes ts  were a l s o  made t o  determfne the 
c h 2 r a c t e r i s t i c s  of the  o r i g f n a l  a t l e rons  i n  order  t o  have 
comparable data. 
SYMBOLS 
r o l l i n g  ve loc i ty ,  rad ians  per second 
wing span, f e e t  
ind ica ted  ai rspeed,  mi les  per hour 
( re ference  1) 
t r u e  a i r speed ,  feet; per second (g) ( re ference  1) 
dynamic pressure ,  pounds per square f o o t  
average wing chord of por t ion of  wing ahead of 
a i l e r o n  
average a i l e r o n  chord 
average a i l e r o n  balance chord 
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AIRPLANE AND* APPARATUS 
The plan form of  the a i rp lane  ,and the l o c a t i  n 
the a i l e r o n s  a r e  shown i n  f i g u r e  1, Sections of the  
3 
f 
o r i g i n a l  a i l e r o n  and the NACA modified a i l e r o n  a r e  com- 
pared i n  f i g u r e  2 .  Figure 3 i s  a schematic sketch showing 
the o r i g i n a l  a i  l e r m  c o n t r o l  assembly and the  experimental 
d i f f e r e n t i a l  con t ro l  u n i t  that  w a s  used i n  the l a t t e r  p a r t  
of t he  t e s t s .  The dimensions per t inent  t o  the a i l e r o n  
i n s t a l l a t i o n  a r e  as follows: 
Wing span, fe’et . . . . .  ; . . . . . . . . . . .  40.776 
Wing area ,  square feet 300 
Wing plan form . . . . . . . . . . . . . . . .  E l l i p t i c a l  
a i l e r o n  area ,  square f e e t  . . . . . . . . . . . . . .  9.54 
Aileron chord, f ract ic in  zw . . . . . . . . . . . .  0.18 
Original  a i l e r o n  balance chord, f r a c t i o n  Za . 0.375 
NACA modified a i l e r o n  balance chord, 
f r a c t i o n  -Fa . . . . . . . . . . . . . . . . .  0.402 
. . . . . . . . . . . . . .  
Airspeed, r o l l i n g  ve loc i ty ,  and a i l e r o n  pos i t ion  and 
s t i c k  f o r c e  were measured .by standard NACA f l i g h t  i n s t r u-  
ments, The cont ro l  de f l ec t ions  were measure8 a t  the  
a f le rons  i n  a l l  o f  the t e s t s  except those of  t h e  produc- 
t i o n  a i l e r o n s ,  and i n  th i s  case they were measured a t  the 
cont ro l  s t i c k .  
TESTS , RESULTS , AND DISCUSSION 
The a i l e r o n  c h a r a c t e r i s t i c s  were measured i n  abrupt 
a i l e r o n  r o l l s  f rom l a t e r a l l y  l e v e l  f l i g h t  with the Tudder 
held f ixed .  Records were taken of  a i rspeed,  r o l l i n g  
ve loc i ty ,  con t ro l  pos i t ion ,  and s t i c k  force .  From these 
data,  the  va r i a t ion  of a i l e r o n  ef fec t iveness  pb/2V and 
a i l e r o n  operating force  w i t h  a i l e r o n  de f l ec t ion  was de te r-  
mined. Ailerbn‘ rolls were’made a t  increments of approxi- 
mately 50 miles’  per hour indlcated- a i rspeed from 150 t o  
4-00 miles  per hour f o r  most  of the a i l c ron  arrangements 
t e s t e d .  
The a i l e r o n  t e s t  program can be divided as follows: 
(1) Tests  of the  o r i g i n a l  a i l e r o n  i n s t a l l a t i o n  
r s  
... ._ 
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( 2 )  Tests  of the  NACA modified a i l e rons ,  having 
( a )  Deflect ion range from -16O t o  120(or ig ina l  
advantage ) ^ .  
a 
wooden leading edges w f  t h  the following r iggings : 
a i l e r o n  d i f f e r e h t i a l  and mechanical 
( b )  Deflect ion range of fllo 
( c )  Deflect ion range of -F1!jo 
. . '  
( d )  a e f l e c t i o n  PAtinge of' k lSo  with o r i g i n a l  
d i f f e r e n t i a l  b o n t r o l  u n i t  
( 3 )  Tests  Df a l l -meta l  .a i lerons b u i l t  by the 
manufacturer t o  conform to '  meagurements, made by 
t h e i r  personnel, 02 the NAGA modified a i l e rons  and 
a modified d i f f e r e n t i a l  cont ro l  u n i t  giving a deflec-  
t i o n  range of  k13.4"; t e s t s  were made w i t h  t he  f o l -  
lowing r iggings:  
\ 
( a )  Normal r igging 
1 (b) Rigging w i t h  --inch shim between the a i l e r o n  
16 d 
and hinge bracket ,  whfch i n  e f f e c t  moved 
the  hinge l i n e  forward, and t h u s  reduced 
the  a i l e r o n  balance 
( c )  Rigging f o r  0.6' droop 
( d )  Rigging f o r  0 , ' 9 5 O  droop 
For each a i l e r o n  i n s t a l l a t i o n  t e s t e d ,  r e s u l t s  a r e  
presented t o  show: 
(1) The v a r i a t i o n  of r i g h t  and l e f t  a i l e r o n  
( 2 )  The va r i a t ion  o f  the h e l i x  angle pb/2V 
angle with s t i c k  p o s i t i o n  
with  change i n  t o t a l  ai.leron angle 
( 3 )  The change i n  a i l e r o n  s t i c k  fo rce  w i t h  
change i n  t o t a l  a i l e r o n  angle 
Tests  were made w i t h  the o r i g i n a l  a i l e r o n  i n s t a l l a -  
t i o n ,  s o  that any t e s t s  made with the  modified a i l e rons  
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on the a i rp lane  would be d i r e c t l y  comparable. 
a c t e r i s t i c s  of  th i s  a i l e r o n  i n s t a l l a t i o n  a r e  given i n  
f'igures 4, 5 J and 6. Figure 4 gives t h e  ,var ia t ion  of  
r i g h t  and l e f t  a i l e r o n  angle wieh stick pos i t ion .  
va r i a t ion  of h e l i x  angle pb/ZV w i t h  change i n  t o t a l  
a i l e r o n  angle f o r  various indica ted  .airspee.ds i s  given i n  
f igure '  5, and f i g u r e . 6  shows-the change in. a i l e r o n  s t i c k  
f Q r c e  w i t h  change i n  t o t a l  a i l e r o n  angle f o r  various a i r -  
speeds. These data i n d i c a t e  t h a t  the  a i l e r o n  s t i c k  forces  
were q u i t e  l i g h t  f o r  s m a l l '  a i l e r o n  def lect ions ,  but that 
they became very heavy before f u l l  de f l ec t ion  w a s  reached, 
as shown by the sharp r i se  i n  the fo rce  curves beyond half 
thp .  t o t a l  a i l e r o n  de f l ec t ion .  An a i l e r o n  shake was a l s o  
preselit 
u r e  6 ind ica ted  t h a t  separati,on was occurring .around the 
sharp nose of the  a i l e r o n  balance, I t  was f e l t  t ha t  m 
incre'ase i n  nose rad ius  would el iminate  separat ion within 
the  a i le ron- def lec t ion  range used. With an increase i n  
nose r ad ius ,  however, a decrease of aerodynamic balance 
would be expected i n  the range o f  s m a l l  a i l e r o n  def lec-  
t i o n s .  I n  order t o  ob ta in  the same amount of  aerodymmic 
balance w l t h  a well-round.ed nose ad w a s  dbtaLi1e-d w i t h  the 
sharp noso, an increase i n  the chord of the bdlance was 
coiisidered des i rab le  An a i l e r o n  balance OS increased 
nose rad ius  and increased chord w a s  then designed, and a 
p a i r  o f  a i l e rons  w a s  modified t o  incorporate  t h i s  balance. 
The leading edges of these a i l e rons  were made of wood. 
T,he na ture  of t h i s  change can be seen i n  f i g u r e  2 ,  which 
compares the o r i g i n a l  a i l e r o n  and the  NACA modified 




. .  
' 
The s t ick- force  c h a r a c t e r i s t i c s  pregented i n  ' f ig-  
. 
I n  the f i r s t  i n s t a l l a t i o n  of the  modified a i l e rons ,  
the  a i l e r o n  d i f f e r e n t i a l  and mechanical advantage of the 
o r i g i n a l  i n s t a l l a t i o n  were used. Figure 7 gives the  
- '  var i a t ion  of right and l e f t  a i l e r o n  angle w i t h  st ' ick 
p o s f 2 f o ~ ,  
a s  i k n  variatIol1 of' ~b,/2V and change I n  a i l e r o a  s t i c k  
f 'orco wech diacge c ~ i  : ,(>tal aiierorz ari,7;io. 
SS:?~. k ? ; ~  c m i p a r i i i g  i'ipiire 8 w i t h  ffg-iro 5 that  the '  e f f&c-  
tfv? ' ; i . ;Ss p e r  dsgree : i i leron deflectlor: Es increased with 
the  mjdf Ciod a i l e r o n s ,  which indfca tes  t n a t  separatl-on 
does not occur over the nose of the  m o d i f i e d  a i l e rons .  . 
The a i le ron- s t ick- fbrce  data a$' given i n  f i g u r e  8 show' 
that ,  beyond half of the t o t a l  a i l e ron  de f l ec t ion ,  . t h e '  
va r i a t ion  of  . a i le ron  stick ' force w i t h  a i l e ron  de f l ec t ion  
reversed s lope.  T h i s  l igh tening  i n  the s t i c k  fo rce  * ' , '  
The f l l p h t - , t e s t  data are  presented i n  f i g u r e  8 
. a  
It. -can be 
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ind ica ted  poss ib le  a i l e r o n  overbalance. I t  i s  i n t e r e s t i n g  
t o  note  that ,  i n  the range of t o t a l  ailerokl angle where 
the f o r c e  v a r i a t i o n  i s  LLnear, tap alrd down.aileron deflec- 
tfor;ld ar'B about equal ( f i g .  7 > ;  beydnd the t o t a l  a i l e r o n  
deflection. a t  which the slope r e v e r s a l  occurs there  i s  
more up a i l e r o n  than d.own. T h i s  r e g u l t  i nd ica tes  tha t  
the  up a i l e r o n  w a s  providing more balance than was needed 
t o  obta in  a uniform v a r i a t i o n  -of s t i ck  fo rce  w i t h  ai-leron 
de f l ec t ion .  On the  b a s i s  of these data t e s t s  were planned 
o f  the  NACA madified a i l e rons  r igged t o  give equal up and 
down a i l e r o n  def lec t ion  throughout the  de f l ec t ion  range. 
Aileron b e l l  cranks that  would give an a i le ron-  
def l ec t ion  raage of' approximately 4110 were ava i l ab le .  
Although the  use of these b e l l  cranks would cause a 
reduct ion i n  the  ava i l ab le  pb/2V because o f  the  
r e s t r i c t e d  a i l e ron  t r a v e l ,  i t  wgs f e , l t  t h a t  t h e  d'ata 
obtained f r o m  t e s t s  w i t h  this de f l ec t ion  range would 
i n d i c a t e  whether o r  not equal up and down a i l e ron  t r a v e l  
would elirninate the r e v e r s a l  in slope o f  the va r i a t ion  of  
s t i c k  fo rce  w i t h  a i l e r o n  de f l ec t ion .  The r e l a t i o n  of the  
motion o f  the r i g h t  and l e f t  a i l e r o n  with s t i c k  de f l ec t ion  
i s  given i n  f i g u r e  9. The data obtained i n  f l i g h t  a r e  
given i n  f i g u r e s  10 and 11 i n  the sane form as  that  f o r  
t he  preceding da ta .  
fo rce  curves given i n  f i g u r e  11 shows tha t  the slope 
r e v e r s a l  was el iminated.  
Upon completion of the  t e s t s  o f '  the NACA modified 
a i l e r o n s  w i t h  the de f l ec t ion  range of' lllo, 'it w a s  decided 
t o  increase the  t o t a l  aileron-def l e c t i o n  range' and' thus t o  
Increase the ava i l ab le  pb/2V. Aileron b e l l  cranks that  
would give a de f l ec t ion  range of fl50 were designed and 
manufactured. The motion of the r i g h t  and. l e f t  a i l e r o n  
w i t h  s t i c k  d e f l e c t i o n  obtained w i t h  these  b e l l  cranks i s  
given Pn f i g u r e  12. The s t i c k  t r a v e l  t o  the  r i g h t  was 
l imi ted  by the  balance o f  the downgoing l e f t  a i l e r o n  
s t r i k i n g  the f ace  of the s l o t .  The f l i g h t - t e s t  data f o r  
th i s  modification a r e  presented i n  f i g u r e s  13 and 14. 
Figure 13 shows that a value of  pb/2V of 0.097 w a s  
obtained.  It should a l s o  be noted that the slope of the  
s t ick- force  curves i n  f igu re  14 i s  g r e a t e r  than that of 
the  curves i n  f i g u r e  11, because of the  decreased 
mechanical advantage w i t h  the  a i l e r o n  de f l ec t ion  range' 
Inspect ion of the  a i le ron-s t ick-  
I .  
of $150. 
From the data obtained i n  the t e s t s  described thus 
far, f i g u r e  15 was constructed.  T h i s  f i g u r e  gives t h e  ' 
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values of  pb/2V obtained throughout the  speed range 
w i t h  a 50-pound s t ick- force  l i m i t a t i o n  f o r  the  o r i g i n a l  
a i l e r o n s ,  the  NACA modified a i l e rons  w i t h  a de f l ec t ion  
range of fl.lO, and the  NACA modified a i l e rons  having a 
.deflection range o f  115O. T t  can be seen f rom th i s  f i g-  
ure  that the  NACA modified a i l e r o n s  w i t h  a de f l ec t ion  
range of *15* caused an appreciable increase  over the  
o r i g i n a l  a i l e r o n s  i n  the pb/2V obtained a t  l e v e l- f l i g h t  
speeds, bu t  the r o l l i n g  obtained a t  diving speeds was 
reduced. 
When the t e s t s  that  have been described were com- 
ple ted ,  the  manufacturer became i n t e r e s t e d  i n  the 
NACA modified a i l e r o n s .  A l a t e r a l  cont ro l  problem 
pecul ia r  t o  extremely high speeds had a r i s e n ;  the  or ig i ,na l  
a i l e r o n s  were overbalancing and o s c i l l a t i n g  i n  high-speed 
d ives .  The NACA modified a i l e r o n ,  which gave lower pr,es- 
sure peaks with the roucd-nose balance than d i d  the  - 
or ig ln t t l  a i l e r o n  w i t h  the sharp-nose balance, was con- 
sidei-ed t o  be l e s s  suscept ib le  t o  this overbalancing con- 
c7,ition. I n  addlation t o  giving lower pressure peaks, the  
NACA modified balance does not unport as  e a r l y  as the  
o r i g i n a l  balance, which should delay any "$natcli" i n  the  
a i l e rons .  I t . w a s  f e l t ,  however, that the  pb/2V ava i l ab le  
w i t h  a 50-pound s t i c k  f o r c e  a t  high speeds with the 
NACA mod-ified a i l e rons  should be increased.  I n  order t o  
accomplish t h i s  improvement i n  con t ro l  a t  high speeds, 
the  manufacturer suggested a d i f f . e ren%ia l  control  u n i t ;  
t h i s  d P f f e r e n t i a l  cont ro l  u n i t  i s  a device t h a t  gives  
increased mechanical advantage at the  smaller a i l e ron  
def l ec t fons  and a r e s u l t a n t  decrease i n  mechanical 
advantage near f u l l  de f l ec t ion .  The cont ro l  u n i t  was 
incorporated i n  the s t i c k  c rad le ,  (See f i g .  3 ( b ) . )  
a i l e r o n  angle w i t h  s t i c k  pos i t ion  obtained with t h e  d i f -  
f e r e n t i a l  con t ro l  u n i t .  The r e s u l t s  presented i n  th is  
f i g u r e  show that ,  i n  add i t ion  t o  the changes I n  mechanical 
advantage described previously,  an increase i n  the ov%- 
a l l  mechanical advan-tago of approximately 9 percent over 
the NACA i n s t a l l a t i o n  was obtained. This incrTa3e was 
caused by the increased s t i c k  t r a v e l ,  The Z i f f e r a n t i a l  
con t ro l  u n i t  used 9.8 inches'  of s t i c k  t r a v e l  t o  obtain  
a i l e r o n  def lec  ';l;ns of  il50, whereas the  NACA i n s t a l l a-  
t i o n  used 9 < : ~ , . . d - ~ ~ s ~  which i s  the A r m y  standard ( r e f e r -  
ence 2) ? :io o! : f ,~ln the, same de f l ec t ion  range. The da ta  
ob-tafi,esd f rm t h e  f l i g h t  t e s t s  a r e  shown i n  f i g u r e s  l7  
and 18, 
Figure 16 gives  the va r i a t ion  of  r i g h t  and l e f t  
A comparison of f i g u r e s  18 and 14 shows that the 
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d i f f e r e n t i a l  con t ro l  u n i t  changed the  va r i a t ion  of s t i c k  
fo rce  w i t h  a i l e r o n  de f l ec t ion  from l i n e a r  t o  a curve w i t h  
lower fo rces  at  the small de f l ec t ions  and higher forces  
a t  f u l l  de f l ec t ions .  For d i r e c t  comparison, a curve 
showing the  values of pb/2V obtained throughout the  
speed range w i t h  the NACA modified a i l e rons  and the  d i f -  
f e r e n t i a l  cont ro l  u n i t  was p l o t t e d  on f i g u r e  1 5 .  
t i o n  of th i s  curve shows that ,  although the values 
of  pb/2V obtainable  a t  level- f l i g h t  speeds were sorne- 
what reduced w i t h  the  d i f f e r e n t i a l  con t ro l  u n i t ,  an 
increase  o f  approximately 20 percent w a s  obtained i n  the 
e f fec t iveness  f o r  a 50-pound s t i c k  f o r c e  a t  a speed of 
400 miles  per hour. 
Upon completion of the t e s t s  described i n  the 
preceding paragraph, the d i f f  e r e n t i a l  cont ro l  u n i t  was 
modified by the  manufacturer t o  obtain  a g rea te r  increase  
i n  mechanical advantage a t  the sacy i f i ce  o f  some a i l e r o n  
d e f l e c t i o n ,  The manufacturer also constructed a s e t  of 
a l l- meta l  a i l e rons  made t o  the  same contour as that  of 
the  NACA modified a i l e r o n .  The modified d i f f e r e n t i a l  
cont ro l  u n i t  gave an a i le ron- def lec t ion  range of approxi- 
mately -f13.k0, w i t h  the sane s t i c k  t r a v e l  as that  of the  
o r i g i n a l  d i f f e r e n t i a l  con t ro l  u n i t .  The va r i a t ion  of 
l e f t  and r i g h t  a i l e r o n  de f l ec t ion  w i t h  s t i c k  pos i t ion  i s  
shown i n  f i g u r e  19. The f l i g h t - t e s t  data  a r e  presented 
i n  f i g u r e s  20 and 21. A comparison o f  the  fo rce  data 
given i n  f f g u r e  21  w i t h  that  given i n  f i g u r e  18 shows 
that ,  except f o r  approximately the  f i r s t  7L0 o f  a i l e r o n  
de f l ec t ion ,  the  metal  a i l e r o n s  and modified d i f f e r e n t i a l  
con t ro l  u n i t  had l i g h t e r  s t i c k  fo rces  than d i d  the 
NACA a i l e r o n  and o r i g i n a l  d i f f  erent ia .1  con t ro l  u n i t  
Compari son of the a i l e r o n  de f l ec t ions  obtainable a t  high 
speeds w i t h  unpublished da ta  on the  l o a d s  on the a i l e r o n s ,  
however, showed that  i t  was possible  f .or the p i l o t  t o  
ob ta in  a i l e r o n  de f l ec t ions  a t  which c r i t i c a l  a i l e r o n  
loads z r e  incurred .  Steps were then taken t o  increase  
the a i l e r o n  f o r c e s .  
Inspec- 
2 
The f i r s t  modification t e s t e d  consisted of . 1  a --inch 
- 16 
shim placed betxeen the a i l e r o n  and the  hinge bracket ,  
whi.ch i n  e f f e c t  moved the hinge l i n e  fo rward  and thus  
reduced the  a i l e ron  balance. Figure 22 gives the var ia-  
t i o n  o f  r i g h t  and l e f t  a i l e r o n  angle w i t h  s t i c k  pos i t ion  
w i t h  the ---inch- s h i m  i n  place.  1 
16 Figures 23 and 211 give 
. .  
NACA ACR No. L5J29 9 
the  data obtained i n  f l i g h t  f o r  %he ai lerons’  w i t h  ---inch 1 
I -  16. 
shims i n  place.  Compari son of t h e  ailer‘on-s ti ck-f orce 
data presented i n  f i g u r e  24 w i t h  that of  f i g u r e  21 shows 
that  the shims increased the s t i c k  forces  somewhat. I t  
was f e l t ,  however, that drooping the a i l e r o n s  would accom- 
p l i s h  more i n  reducing the danger o f  exceeding @e a i lg ron  
def lec t ions  f o r  c r i t i c a l  loads than would the  shims. The 
c r i t i c a l  a i l e ron  de f l ec t ions  were up-aileron angles . 
Drooping the a i l e rons  would not only increase  the s t i c k  
fo rces  but would a l so ,  f o r  the same change i n  t o t a l  
a i l e r o n  angle,  r e s u l t  i n  lower up-aileron angles .  Tests  
were made w i t h  the  a i l e r o n s  drooped 0.60 and 0 . 9 5 O .  The 
data obtained with  a i Jerons  drooped 0.60 a r e  given i n  
f i g u r e s  25, 26, and 27. These f i gu re s  give,  respe&tively,  
the  v a r i a t i o n  of  r i g h t  and l e f t  a i l e r o n  angle w i t h  s t i c k  
pos i t ion ,  the  va r i a t ion  of  h e l i x  angle pb/2V w i t h  change 
i n  t o t a l  a i l e r o n  angle,  and the  change i n  a i l e r o n  s t i c k  
fo rce  w i t h  change i n  t o t a l  a i l e r o n  angle.  I n  l i k e  mawer,  
f i g u r e s  28, 29 ,  and 30 present the  data obtained w i t h  the  
a i l e rons  drooped 0.q50.  Comparison of‘ the  fo rce  data 
given i n  f i g u r e s  27 and 30 f o r  the  drooped a i l e rons  w i t h  
the  f o r c e  data of  figurs: 21 f o r  the a i l e rons  r igged nor- 
mally shows t h a t  drooping the a i l e r o n s  not only increased 
the  s t i c k  forceg but a l s o  made- t h e i r  va r i a t ion  w i t h  
a i l e r o n  de f l ec t ion  more nea r ly  l i n e a r .  
these  s t i ck- fo rce  data w i t h  the unpublished data on 
a i l e r o n  loads showed that the a i l e r o n s  w i t h  O . 9 5 O  droop 
would make i t  impossible f o r  the  p i l o t  t o  exceed t h e  
c r i t i c a l  a i l e r o n  de f l ec t ions .  It should a l s o  be noted 
that  if  t h e  modlfied a i l e r o n s  tended t o  overbalance a t  
extremely high speeds i n  a manner s imi la r  t o  the  o r i g i n a l  
a i l e rons  , the  overbalance could be lessened by drooping 
the a i l e rons .  
Comparison of 
I n  order t o  show more c l e a r l y  the e f f e c t s  of the 
s m a l l  modifications tes ted ,  the  r e t m l t s  a r e  summarized i n  
f i g u r e  31 ,  which gives  t h e  values of pb/2V obtained 
w i t h  a 50-pound s t i c k  forc’f; throughout the speed range 
w i t h  the  modified d i f f e r e n t i a l  con t ro l  u n i t  and the a l l -  ., 
’ metal  modified a i l e rons  w i t h  normal r igging ,  --inch 1 
16 
s h i m ,  0.6~ droop, and 0.95’ droop. T h i s  f i g u r e  shows 
t h a t  highly balanced sur faces  such as the a i l e r o n s  t e s t e d  - -  
arevery  s e n s i t i v e  t o  small changes i n  r igging.  
Ffgure 32 was prepared so that a se lec t ion  could be 
made of the  mechanical advantage t o  be used w i t h  the  
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modified a i l e r o n s  t o  produce the bes t  a l l- round a i l e r o n  
performance The NACA modified a i l e rons  w i t h  a def lec-  
t i o n  range o f  f l 5 O  and the o r i g i n a l  d i f f e r e n t i a l  cont ro l  
u n i t  gave the bes t  performance of the  modified-aileron 
configurat ions  presented i n  f i g u r e  15. The bes t  per-  
formance o f  the configurat ions  presented i n  f i g u r e  3 1  i s  
given by the metal modified a i l e r o n s  with the normal 
r igging  and the  modified d i f f e r e n t i a l  cont ro l  u n i t .  It 
must be remembered, however, t h a t  t h e  l a t t e r  arrangement 
can be used only if the a i l e rons  a r e  strengthened. Fig- 
ure  32 gives the pb/2V values obtained w i t h  a 70-pound 
s t i c k  fo rce  throughout the speed range w i t h  the  two a i l e r o n  
i n s t a l l a t i o n s  j u s t  described.  Data f o r  the  o r i g i n a l  
ails170ns a r e  included on t h i s  f i g u r e  a s  a reference.  
Inspect ion of  t h i s  f i g u r e  shows that the modified a i l e rons  
w i t h  ei they mechanical advantage show an appreciable 
increase i n  e f fec t iveness  over that obtained w i t h  the 
o r i s i n a l  a i l e rons  with a 50-pound s t i c k  f o r c e ,  The 
modified a i l e rons  w i t h  a de f l ec t ion  range of  fl5* and the 
o r i g i n a l  d i f f e r e n t i a l  con t ro l  u n i t  offer an appreciable 
increase i n  pb/2V obtafnable  with a 50-pound skick force  
a t  l e v e l - f l i g h t  speeds but give a s l i g h t  decrease a t  a 
speed of  400 miles  per hour. 
a de f l ec t ion  range of kl3.4.O and the modified d i f f e r -  
e n t i a l  colrtrol u n i t  show an increase  i n  pb/2V obtainable  
w i t h  a 50-pound s t i c k  force  throughout the speed range. 
T b i s  increase  i s  small a t  l e v e l - f l i g h t  speeds but i s  
appreciable a t  a speed of 400 miles  per hour. 
No q u a n t i t a t i v e  data a re  ava i l ab le  on the modified 
a i l e r o n s  a t  extremely high speeds, but  high-speed dives  
a r e  reported t o  have been made w i t h  these z i l e rons  with- 
out overbalance o r  a i l e r o n  o s c i l l a t i o n s  being encountered. 
It i s  bel ieved t h a t  the a i l e rons  i n  this  case had a 
de f l ec t ion  range o f  + l 5 O  with the d i f f e r e n t i a l  cont ro l  
u n i t  and were drooped about lo. With this  arrangenent 
the  values of pb/2V obtained w i t h  a 50-pound s t j -ck  
fo rce  would be somewhat l e s s  than those obtained with 
the s i m i l a r  arrangement without droop shown i n  f i g u r e  32. 
The e f f e c t s  of droop a r e  shown i n  f i g u r e  31. 
The modiffed ailero~s w i t h  
C ONC LU 31 OWS 
From t h e  r e s u l t s  of f l i g h t  t e s t s  made t o  improve 
the  l a t e r a l  cont ro l  of a high-speed f i g h t e r  a i rp lane ,  
the  foll-owing conclusions were drawn: 
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1. The data demonstrate that the problem of aerody- 
namically balancing cont ro l  surfaces  on high-speed air-  
planes i s  complex, s ince  the aerodynamic balance necessary 
f o r  s a t i s f a c t o r y  control-operating f o r c e s .  i s  very s e n s i t i v e  
t o  s m a l l  changes i n  r igging  anh balance Foritour. . ,  
2 .  NACA modified a i l e rons  were developed w i t h  an 
increased balance chord and increased.nose rad ius  and 
were found, w i t h  e i t h e r  of t w o  me.chanica1 advantages, t o  
improve the a i l e r o n  performance .over that obtained w i t h  
the  o r i g i n a l  a i l e r o n s .  The modified a i l e rons  w i t h  a 
de f l ec t ion  range of 21'50 and a d i f f e r e n t i a l  cont ro l  u n i t  
developed by t h e  manufacturer appreciably increased the 
a i l e r o n  ef fec t iveness  obtainable a t  l e v e l - f l i g h t  speeds 
with a 50-pound s t i c k  f o r c e  but showed a s l i g h t  decrease 
i n  the e f fec t iveness  obtainable  zit a speed of 400 miles  
per  hour w i t h  a 50-pound s t i c k  f o r c e .  On the o ther  hand, 
the  modified a i l e rons  w i t h  a de f l ec t ion  range of  kl3.ko 
and a modified d i f f e r e n t i a l  cont ro l  u n i t  gave only a 
s l i g h t  increase  i n  the e f fec t iveness  obtainable  a t  leve l -  
f l i g h t  speeds but gave an appreciable increase  i n  the 
a i l e r o n  ef fec t iveness  obtained a t  a speed of 400 miles 
per  hour w i t h  a 50-pound s t i c k  fo rce .  Indica t ions  were 
that the a i l e r o n  s t ruc tu re  would need t o  be strengthened, 
however, before the l a t t e r  arrangement could be s a f e l y  
used. 
3 .  The NACA modified a i l e r o n s  appear t o  o f f e r  a 
so lu t ion  t o  the  problem of  a i l e r o n  overbalance and o s c i l -  
l a t i o n  i n  high-speed dives w i t h  the  a i rp lane  t e s t e d .  
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Figure 3* - Aileron oontrol assemblies. 
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Figure 8. - Variation of he l ix  angle pb/2V 
force with change i n  t o t a l  a i le ron angle. 
ai lerons;  or ig inal  ai leron d i f ferent ia l  apd m e c w i o a l  
advantages aileron-deflection range, -16' t o  
and change i n  aileron s t i ck  
NACA modified 
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Figure 15. - Variation of hel ix  angls pb/2V with indicated airspeed 
for a 50-pound s t i c k  force. 
NACA modified a i lerons  with defleation range of $11'; 
NACA modified a i lerons  with deflection range of 215'; 
and NACA modified a i lerons  with deflection range of +lSO 
and or ig inal  d i f f e r en t i a l  control  unit. 
Original a i le ron ins ta l la t ion;  
Figure 16. - Variation of left  and r ight  a i le ron angle with s t i c k  position. NACA modified 
ailerons; original  d i f ferent ia l  control unit; aileron-deflection range, f 15'. 
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Figure 31. - Variation of helix angle pb/2V with indicated airspeed for So-pound s t i c k  
foroe. Metal NdcB modified ailerons and modified d i f ferent ia l  control 
un i t  with various riggings. 
Figure 32. - Variation of he l ix  angle pb/2V with indicated airspeed 
for  EO-pound s t i ck  force. 
metal NACA modified ailerons with deflection range of 
i13.4O and modified d i f ferent ia l  control  unit; NACA 
modified ailerons with deflection range of 
or ig inal  d i f ferent ia l  control  unit. 
Original a i le ron ins ta l la t ion;  
115’ and 
